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[57] ABSTRACT 
7-Oxabicyc1oheptane substituted prostaglandin analogs 
useful in treating thrombotic and vasopastic disease 
have the structural formula 

12, 1988, 

wherein m is 1, 2 or 3; n is 1, 2, 3 or 4; Z is —(CH2)2—, 
——C1-l:CH-— or 

Y 

wherein Y is O, a single bond or vinyl, with the proviso 
that when n is 0, if Z is 

then Y cannot be 0, and Z is ——CI-I:CH—, n is 1, 2, 3 
or 4; and when Y=viny1, n=0; R is COzH, COglower 
alkyl, CHZOH, COgalkali metal, CONHSOR3, CONH 
R3“ or —CI-I2—5-tetrazo1y1, X is O, S or NH; and 
where R], R2, R3 and R3” are as de?ned herein. 

41 Claims, No Drawings 
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7-OXABICYCLOHEPTYL SUBSTITUTED 
I-IETEROCYCLIC AMIDE OR ESTER 

PROSTAGLANDIN ANALOGS USEFUL IN THE 
TREATMENT OF THROMBOTIC AND 

VASOSPASTIC DISEASE 

REFERENCE TO OTHER APPLICATIONS 

The present application is a continuation-in-part of 
US application Ser. No. 442,818 ?led Nov. 28, 1989, 
which is a continuation-in-part of US. application Ser. 
No. 433,301 ?led Nov. 8, 1989, which is a continuation 
of US Ser. No. 288,826 ?led Dec.'23, 1988, and is a 
continuation-in-part of US application Ser. No. 
334,070 ?led Apr. 3, 1989. 

DESCRIPTION OF THE INVENTION 

The present invention relates to 7-oxabicycloheptyl 
substituted heterocyclic amide prostaglandin analogs 
which are thromboxane A; (T XAZ) receptor antago 
nists or combined thromboxane A; receptor an 
tagonist/thromboxane synthetase inhibitors useful, for 
example, in the treatment of thrombotic and/or vaso 
spastic disease, and have good duration of action. These 
compounds have the structural formula I 

and including all stereoisomers thereof, wherein 
mis1,2or3;nis0, 1,2.3or4; 
Z is —(CH2)2-—, —CH:CH—— or 

Y 

wherein Y is O, a single bond or vinyl (-CH: 
CH—), with the provisos that when n is 0, if Z is 

Y 

then Y cannot be 0; and when Z is —-CI-I=CH—, n is 
l,2,3, or 4; and when Y=vinyl, n=0; 
R is COZH, CO2lower alkyl, COgalkali metal, 

CHZOH, CONHSO2R3, CONHR3", or 

I 
H 

(—CH2—5-tetrazolyl); 
X is O, S or NH; 
R1 is hydrogen, lower alkyl, lower alkenyl, lower 

alkynyl, aralkyl, aryl, cycloalkyl, cycloalkylalkyl, cy 

10 

20 

50 

2 
cloheteroalkyl, cycloheteroalkylalkyl, heteroaryl or 
heteroarylalkyl, or amide 

O 0 

H H 

wherein t is 1 to 12 and Ra is lower alkyl, aryl, cycloal 
kyl, or cycloalkylalkyl); 
R2 is hydrogen, lower alkyl, aryl, or aralkyl; or 
R1 and R2 together with the nitrogen to which they 

are linked may form a 5- to 8- membered ring; 
R3 is lower alkyl, aryl or aralkyl; and 
R3" is hydrogen, lower alkyl, aryl or aralkyl. 
Thus, the compounds of the invention include the 

following types of compounds: 

(Grimm-cram 
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-continued 
wrimzH-cumll ‘F 

o R1 
N II / 

wherein in formulae ID, IE and IF, Zl is —-CH=CH- 
or ---(CH;);—. 

In addition, in accordance with the present invention, 
a compound is provided having the structure I X 

/ 

O S 

(Cl-I1)!" (CHM-R: 

N 
l I C_O._Rl 

II 
o o 0 

wherein m, n, and R1 are as de?ned hereinbefore except 
that it will not include H and R, is COgl-l, C01 alkyl or 
CO; alkali metal. 

Preferred are compounds of formula lX having the 
formula ly 

(Cl-l2)", CHZCHZ-R; 

N 
I / C-O-R' 

ll 
0 o 0 

where R, is COZH and R1 is cycloalkylalkyl. 
The term “lower alkyl" or “alkyl“ as employed 

herein includes both straight and branched chain radi 
cals of up to 18 carbons, preferably 1 to 8 carbons, such 
as methyl, ethyl, propyl, isopropyl, butyl, t-butyl, isobu 
tyl, pentyl, hexyl, isohexyl, heptyl, 4,4-dimethylpentyl, 
octyl, 2,2,4-trimethylpentyl, nonyl, decyl, undecyl, do 
decyl, the various branched chain isomers thereof, and 
the like as well as such groups including 1, 2 or 3 halo 
substituents, an aryl substituent, an alkyl-aryl substitu 
ent, a haloaryl substituent, a cycloalkyl substituent, an 
alkylcycloalkyl substituent, hydroxy or a carboxy sub 
stituent. 
The term “cycloalkyl“ includes saturated cyclic hy 

drocarbon groups containing 3 to 12 carbons, prefera 
bly 3 to 8 carbons, which include cyclopropyl, cyclobu 
tyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, 
cyclodecyl and cyclododecyl, any of which groups may 
be substituted with substituents such as halogen, lower 
alkyl, alkoxy and/or hydroxy group. 
The term “aryl" or "Ar" as employed herein refers to 

monocyclic or bicyclic aromatic groups containing 
from 6 to 10 carbons in the ring portion, such as phenyl, 
naphthyl. Aryl (or Ar), phenyl or naphthyl may include 
substituted aryl, substituted phenyl or substituted naph 
thyl, which may include 1 or 2 substituents on either the 
phenyl or naphthyl such as lower alkyl, tri?uoro 
methyl, halogen (Cl, Br, I or F), lower alkoxy, arylalk 

20 

25 

30 

35 

55 

65 

4 
oxy, hydroxy, alkylthio, alkylsul?nyl, alkylsulfonyl, 
arylthio, arylsul?nyl and/or arylsulfonyl. 
The term “aralkyl“, “aryl-alkyl" or “aryl-lower al 

kyl" as used herein refers to lower alkyl groups as dis 
cussed above having an aryl substituent, such as benzyl. 
The term “lower alkoxy", "alkoxy" or “aralkoxy" 

includes any of the above lower alkyl, alkyl or aralkyl 
groups linked to an oxygen atom. 
The term “halogen" or “halo" as used herein refers to 

chlorine, bromine, ?uorine or iodine with chlorine 
being preferred. 
The term “lower alkenyl" or “alkenyl" as employed 

herein with respect to the R1 substituent includes a 
carbon chain of up to 16 carbons, preferably 3 to 10 
carbons, containing one double bond which will be 
separated from “N” by at least one saturated carbon 
moiety such as —(CH2)q— where q can be 1 to 14, such 
as 2-propenyl, Z-butenyl, S-butenyl, Z-pentenyl, 4-pente 
nyl and the like, and may include a halogen substituent 
such as l, C], or F. 
The term “lower alkynyl" or “alkynyl” as employed 

herein with respect to the R‘ substituent includes a 
carbon chain of up to 16 carbons, preferably 3 to 10 
carbons, containing one triple bond which will be sepa 
rated from “N" by at least one saturated carbon moiety 
such as —(CH2)q'— where q’ can be 1 to 14, such as 
2-propynyl, Z-butynyl, 3-butynyl and the like. 
The term “cycloheteroalkyl” as used herein as an R1 

substituent refers to a 5-, 6- or 7-membered saturated 
ring which includes 1 or 2 hetero atoms such as nitro 
gen, oxygen and/or sulfur, and which is linked to the 
“N" of the 

group through a carbori atom-either beta or gamma to a 
heteroatom, such as 

H 

2% 
or: 
@0 F 

and the like. 
The term “heteroaryl" or heteroaromatic as an R1 

substituent refers to a 5- or 6-rnembered aromatic ring 
which includes 1 or 2 hetero atoms such as nitrogen, 
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oxygen or sulfur, which are not directly linked through 
a hetero atom to the “N" of the 

group, such as 

N N Q/mgi 
\ \=/ \ N 

474 471 N 0,N S 

and the like 
The term “cycloheteroalkylalkyl” as de?ned by R1 

refers to 5-, 6- or 7-membered saturated ring which 
includes 1 or 2 heteroatoms such as nitrogen, oxygen or 
sulfur, and is linked to the “N" of the 

RI 
/ 

—N 

R2 

group through a (CH2), chain wherein x is 1 to 12, 
preferably 1 to 8, such as 

l 
N N 

E j . (CH1); or 
S 

6 
-continued 

10 
The term “heteroarylalkyl” as de?ned by R1 refers to 

a 5-, 6- or 7-membered aromatic ring which includes 1, 
2, 3 or 4 heteroatoms such as nitrogen, oxygen or sulfur, 
and is linked to the “N“ of the 

15 

R] 

—N 

\R2 
20 

group through a --(CH2)x‘-— chain where x’ is l to 12, 
preferably 1 to 8, such as 

25 N (Cum 

K Ext-12);. RN 5 N 

30 (cum 
N 

A ’ 7% 
‘('CHz’QN N, 

\__/ \ h 
35 

(Cl-I27; CH2); 

4% / 
N o , N S . 

\=/ \=/ 
40 

N 
-(-CHZ=/;-N N / 

| l or (C152,? 
N N \ 

45 

Preferred are those compounds of formula I wherein 
Z is 

55 and X is 0. More preferred are compound of formula I 
wherein Z- is 

m U 
m is 1, n is 1 or 2, Y is a single bond, X is O, R is COZH, 
R1 is substituted alkyl or a cycloheteroalkylalkyl and 

65 R2 is H or lower alkyl, and —Y—(CH2),,—-R is in the 
ortho or meta position. 
Also preferred are compounds of formula I wherein 

Z is —-CH:CH— in the cis con?guration, m is l, n is 2 
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or 3, R is COZH. R1 is substituted phenylalkyl or cy 
clohexylalkyl and R2 is H or methyl. 
The compounds of formula I of the invention may be 

prepared as follows. 
The various compounds of the invention wherein Z is 5 

may be prepared as outlined below.‘ 
Compounds of the invention where Y is a single 

bond, n is l, 2, 3 or 4 and X is O are prepared starting 
with bromophenylalkyl alcohol A 

OH 

Br 

wherein n is l, 2, 3 or 4 which is treated with a protect 
ing compound such as t-butylchlorodiphenylsilane, in 
the presence of an amine base such as triethylamine and 
an inert solvent, employing conventional procedures, to 
form the protected bromophenylalkyl compound B " 

(Cl-12)“ 1-0pm 

Br 
35 

wherein Pro represents a protecting group‘ 
Examples of protecting compounds suitable for use 

herein in reacting with bromophenalkyl alcohol A in 
clude but are not limited to 

l 
CH3 CH3 CH3 

(chlorodimethyl 
thexylsilane 

CH3 CH3 
(chlorodimethyl 
t-butylsilane) 

45 

CH3 
55 

(t-butylchlorodiphenylsilane) 

The protected compound B is then transmetallated 
by treatment with t-C4H9Li or n-C4H9Li in the pres 
ence of diethyl ether or tetrahydrofuran at reduced 
temperature of from about - 100° to about 0' C. or is 
preferably subjected to a Grignard reaction by treat 
ment with magnesium in the presence of an inert or 
ganic solvent such as tetrahydrofuran (THF) or diethyl 
ether and then is condensed with (exo)octahydro-5,8 
epoxy-lH-benzopyran-3-ol or (exo)octahydro-4,7-epox 

65 

8 
yisobcnzofuran-l-ol (prepared as described in US. Pat. 
No. 4,143,054) of the structure C 

(CHZ)m— l-CH IOH C 

I CH; 
O 

employing a molar ratio of GB of within the range of 
from about 1:2 to about 1:4, in the presence of an inert 
organic solvent such as THF at a reduced temperature 
of from about —78° to about 25° C., to form the con 
densed 7-oxabicycloheptane compound II 

| CHZOH 
o 

The condensed compound II is then subjected to 
hydrogenolysis by treatment with hydrogen in the pres 
ence of a catalyst such as palladium hydroxide on char 
coal in acetic acid or an inert organic solvent such as 
ethyl acetate, to form the alcohol Ill 

(CHZ)n+ 1-0pm m 

l CHZOH 
0 

When the protecting group (Pro) in III is thexyldime 
thylsilyl or t-butyldimethylsilyl, alcohol IIl may be 
subjected to acetylation by treatment with acetyl chlo 
ride in the presence of pyridine and methylene chloride 
to acetylate the free alcohol and the so-formed acetate is 
deprotected by conventional procedures, for example, 
by treatment with aqueous hydro?uoric acid in the 
presence of acetonitrile to cleave off the silyl protecting 
group to form IIIA 

(mam-0H '"A 

IIIA is then treated with a protecting compound such as 
t-butyldiphenylsilyl chloride in the presence of a cata 
lyst such as 4,4-dimethylaminopyridine and an amine 
such as triethylamine and methylene chloride to add the 
protecting group and then the acetate is removed by 
treatment with aqueous hydroxide in tetrahydrofuran 
or excess methyllithium in the presence of an inert sol 
vent such as diethyl ether to form IIIB 
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(cH2)rn 

I CHZOH 
o 

(where Pro is t-butyldiphenylsilyl) 

The protected alcohol 111B is then subjected to a 
Jones oxidation wherein a solution of protected alcohol 
IIIB in acetone cooled to from about - 10° to about 25° 
C. is treated with Jones reagent (that is, CrO3 dissolved 
or suspended in sulfuric acid in the presence of water, 
prepared as described in Fieser & Fieser, “Reagents for 
Organic Synthesis," Vol. 1, p. 142 (1967)) to form acid 
IV 

IV 
(Cl-l2)“ i-OPrO 

(cH2)m 

l COZH 
0 

Acid IV, in an inert organic solvent, such as tetrahy 
drofuran, is then made to undergo a carbodiimide cou 
pling reaction with amine hydrochloride 

(6 D 

ttcmm-fH-c-oa‘ 
CH3 

/ 
HO 

where R4 is lower alkyl such as methyl or ethyl, or 
arylalkyl, such as benzyl, in the presence of dicyclohex 
ylcarbodiimide (DCC) or l-(3-dimethylaminopropyl) 
3l-ethylcarbodiimide hydrochloride (WSC) and -hy 
droxybenzotriazole and triethylamine under an inert 
atmosphere such as argon employing a molar ratio of 

20 

25 

35 

45 

DzIV of within the range of from about 1.2:1 to about 
1:1, to form hydroxyamide V 

v 

(CH2)n+ 1"‘0Pro 

(CH2)m 

it’ 
| c-n-cn-c-o-a‘ 
0 ll 1 l 

O H CHZOH 

Hydroxyarnide V is then subjected to cyclodehydra 
tion wherein a solution of V in an inert organic solvent 
such as tetrahydrofuran, acetonitrile or chloroform , 
under an inert atmosphere such as argon, is treated with 
triphenylphosphine (employing a molar ratio of V:tri 
phenylphosphine of from about 0.8:1 to about 1:1) and 
carbon tetrachloride in the presence of an amine base 
such as triethylamine or diisopropylethylamine, to form 
oxazoline V1 

50 

55 

65 

10 

Oxazoline V1 is oxidized by treatment with manga 

nese dioxide or preferably nickel peroxide (Nakagawa 

et al, J. Org. Chem. 1962, 27, 1597) to form the oxazole 
VII 

/ 

O O 

(CH2)m 

N 
I / c-o-a‘ 

ll 
0 o 0 

Oxazole VII is converted to the corresponding acid 

by treating VII with a base, such as lithium hydroxide, 
sodium hydroxide or potassium hydroxide to form the 
corresponding alkali metal salt, followed by neutraliza 
tion with an acid, such as dilute hydrochloric acid or 

oxalic acid to form acid compound VII] 

Acid VIII is converted to the corresponding acid chlo 

ride by treating VIli with oxalyl chloride optionally in 
the presence of catalytic amounts of dimethylformam 

ide, and a solvent such as benzene, toluene or methylene 

chloride. The so-formed acid chloride is dissolved in an 

inert solvent such as methylene chloride or toluene 

cooled to a temperature within the range of from about 

— 10° C. to about +10° C., and amine base such as 

triethylamine or pyridine and amine E, or a salt thereof, 

are added 

R1 
/ 

HN 

R2 

employing a molar ratio of EzVIII of within the range 

of from about 1.1:1 to about 1.5:1, form the oxazole IX 
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IX 
(CH2);|- 1-OPro 

(0mm 

O R1 
N ll / 

/ C-N 

| j \ 
o 0 R2 

Silyl ether IX is then deprotected using conventional 
procedures, for example, by treatment with aqueous 
hydro?uoric acid in the presence of acetonitrile and 
methylene chloride and is then subjected to a Jones 
oxidation employing procedures described hereinbefore 
to form the oxazole [G of the invention 

16 
(ain't-CO2“ 

(CHZ)m 

o R‘ 
N H / 

/ c-u 

| j \ 
o 0 R2 

In a more preferred procedure, compounds of for 
mula I wherein Y is a single bond, n is l, 2, 3 or 4 and 
X is 0 may be prepared starting with alcohol III by 
protecting the alcohol function thereof by treatment, 
for example, with a solution of acetic anhydride, pyri 
dine and 4-dimethylaminopyridine to form the pro 
tected alcohol X 

(CI-I1)!” I‘OPro 

(CHEM: 

0 
ll 

| CHgOCCl-l; 
0 

Alternatively, compound II can be protected by 
treatment with, for example, a solution of acetic anhy 
dride and pyridine to form compound XI 

ll 
0 

H2OCCH3 

0 ll . 

which is then subjected to hydrogenolysis as described 
above to provide compound X. 
The protected alcohol X wherein Pro is t-butyldime 

thylsilyl or dimethyl(l,l,2-trimethylpropyl)silyl is sub 
jected to a Jones oxidation employing procedures de 
scribed hereinbefore to form crude acid which is deace 
tylated by reaction with aqueous hydroxide in the pres~ 
ence of inert organic solvent such as TI-IF and then 
esterified, for example, by treatment with diazoalkane, 
such as diazomethane, or acidic alcohol such as metha 
nolic HCl, to form the alcohol ester XI] 

15 

25 

35 

45 

55 

65 

12 

I CHZOH 
o 

In an alternative method for forming alcohol ester 
XII, protected alcohol XI is subjected to a Jones oxida 
tion and esteri?cation to form ester Xla 

which is then made to undergo hydrogenolysis and 
subsequent removal of the acetate protecting group by 
transesteri?cation to afford alcohol ester XII. 

Next, the alcohol ester XII is subjected to a Jones 
oxidation to form the acid XIII 

‘ XIII 

(CH2)n_' COzalkyl 

| COzl-l 
o 

In an alternative procedure, acid XIII wherein n is I, 
Z is 

Y 

where Y is a single bond, may be prepared from alcohol 
III by treating III with acetic anhydride in the presence 
of pyridine or other organic base such as triethylamine, 
under an inert atmosphere such as argon, to form the 
corresponding acetate and treating the acetate with a 
deprotecting agent such as (n-C4H9)4NF to remove the 
protecting group and form acetate alcohol IIIC 

(CHZ)Z_OH IIIC 
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Acetate alcohol IIIC is then made to undergo a Dess 
Martin oxidation by treating a mixture of IIIC in dry 
methylene chloride with Dess-Martin periodinane (J. 
Org. Chem. 1983, 48, 4155) to form the aldehyde IIID 

CHy-CHO “ID 

0 0 

which is then oxidized by treating IIID with N-iodosuc 
cinamide (NIS) in the presence of potassium carbonate 
in methanol to form acetate ester IIIE 

cal-colon; "IE 

Acetate ester IIIE in methanol is deprotected by 
treatment with a weak base such as potassium carbon 
ate, and the resulting alcohol is then subjected to a 
Jones oxidation as described herein to form acid XIII, 
where n is l. 
The acid XIII is then made to undergo a carbodiim 

ide coupling reaction with amine hydrochloride D, 
where R4 is benzyl, as described hereinbefore (with 
respect to coupling of acid IV) to form the amide XIV 

XIV 
(CH2),,_ COgalk y] 

i? 
C-N-CIP-COR4 

0 || 
0 H CIh-OH 

Amide XIV is then subjected to cyclodehydration 
(using a procedure similar to the cyclodehydration of 
amide V) to form oxazoline XV 

20 

25 

35 

55 

14 
which is made to undergo oxidation using manganese 
dioxide, or nickel peroxide, or preferably cupric bro 
mide and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) to 
form the oxazole XVI 

XVI 
(CI-I2)"- COzalkyl 

(CHDM 

N 

I / jcozn‘ 
o o 

The cupric bromide oxidation is carried out at a tem 
perature of within the range of from about 20° C. to 
about 70° C., employing a molar ratio of cupric bromide 
to XV of within the range of from about 2:1 to about 6:1 
and a molar ratio of cupric bromide to DBU of within 
the range of from about 1:1 to about 1:3 in an inert 
solvent such as ethyl acetate or preferably 
ethylacetate/chloroform (l :1, v/v). 
The latter oxidation is a novel method in accordance 

with the present invention. - 
Oxazole XVI is then deprotected to remove R4, for 

example, by treatment with palladium hydroxide on 
charcoal and hydrogen in the presence of an inert sol 
vent such as ethyl acetate, to form the corresponding 
acid XVII 

XVII 
(CI-I2),,— COgalkyl 

Acid XVII is then converted to the corresponding 
acid chloride employing a procedure similar to that 
described with respect to acid VIII and the resulting 
acid chloride is treated with amine E employing a pro 
cedure and molar ratio of EzXVII similar to that de 
scribed hereinbefore with respect to acid VIII to form 
the ester of the invention 1H 

/ 

O 0 

III 

(emu-comm 

(CHZM 

o R1 
| N ll / 

In an alternate preferred procedure for the prepara 
tion of 1H acid XIII is made to undergo a carbodiimide 

O 

XV 60 coupling reaction with amine Da 

65 

RI 
/ ll 

HZN H C-N 

l 
HO-CH; 
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in the presence of dicyclohexylcarbodiimide or l-(3 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochlo 
ride and l-hydroxybenzotriazole and triethylamine as 
described hereinbefore to form hydroxy amide XIV’. 

XIV‘ 
(CHZLF’COZaIkyI 

(‘CH2)m 

H 0 
I II 

I N c R1 
O / \ / \ / 

ii i “ 
ono-cn; R2 

Hydroxy amide XIV’ is then subjected to cyclodehy 
dration as described hereinbefore (with respect to the 
preparation of VI). A preferred method for this conver 
sion involves treatment of XIV’ with an alkylsulfonyl 
chloride, such as methanesulfonyl chloride in the pres 
ence of an amine such as triethylamine or pyridine fol 
lowed by treatment of the resulting alkylsulfonate inter 
mediate with potassium carbonate in acetone to form 
oxazoline XV’ 

(CH2)!!! 

which is made to undergo oxidation as described herein 
before (with respect to the preparation of XVI) to form 
oxazole II-I. 

Ester 1H may then be hydrolyzed by treatment with 
an aqueous solution of alkali metal base and then aque 
ous acid to form the corresponding acid 16. 
Compounds of the invention wherein Y is O and X is 

0 may be prepared as follows: 
Bromophenol A] 

A] 

OH 

Br 

is treated with a protecting compound such as chloro-t 
butyldimethylsilane, benzyl bromide or bromomethyl 
methyl ether, preferably benzyl bromide or bromo 
methyl methyl ether for ortho-bromophenol, employ 
ing conventional procedures to form the protected bro 
mophenyl compound 13] 

BI 

OPro 

Br 

wherein Pro represents a protecting group. 
Examples of protecting compounds suitable for use 

herein in reacting with bromophenol A1 include those 

20 

25 

35 

45 

55 

65 

16 
Set out hereinbefore with respect to protection of alco 

hol A. 

Protected compound BI is then transmetallated (using 
a procedure similar to that set out above with respect to 

transmetallization of B using n-butyllithium in THF) 
and condensed with hemiacetal C to form the con 

densed 7-oxabicycloheptane compound XXII 

XXII 
OPro 

(CH2)m- I_CH 
t 
OH 

| CHZOH 
o 

The condensed compound XXII is then subjected to 
hydrogenolysis by treatment with hydrogen in the pres 
ence of a catalyst such as palladium on charcoal in 

acetic acid, to form the alcohol XXIII in the case where 

Pro is a silyl or methoxymethyl ether protecting group 
or to form XXIV directly when Pro is benzylv 

0pm XXIII 

(CH2)m 

l CI-IZOH 
0 

When Pro is a silyl protecting group, compound XXIII 
is deprotected by treatment with, for example, a solu 
tion of acetonitrile and aqueous hydro?uoric acid to 
form the deprotected alcohol XXIV 

OH XXIV 

(CHZM 

| cnzon 
o 

The alcohol XXIV is then alkylated by treating a 
solution of alcohol XXIV in tetrahydrofuran with a 

molar equivalent of sodium hydride or one to four 

equivalents of a carbonate base such as potassium car 

bonate. The resulting phenoxide solution ‘is alkylated by 
treating with a haloalkanoic acid ester F 

employing a molar ratio of F:XXIV of from about 1:1 to 

about 3:1, in the presence of an inert organic solvent 
such as TI-IF or dimethylformamide or dimethoxyeth 

ane, to form ester XXV 
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XXV 

l CHZOH 
0 

Alternatively, when the protecting group in XXIII is 
methoxymethyl, the free hydroxyl is protected as a 
benzyl ether. The methoxymethyl protecting group is 
removed by treatment with aqueous’acid. The resulting 
phenol is alkylated with ethyl bromoacetate as de 
scribed above for the alkylation of XXIV. The benzyl 
protecting group is then removed by hydrogenolysis 
with palladium hydroxide and hydrogen to give XXV. 

Alternatively, alcohol ester starting materials of for 
mula XXV may be prepared by following the proce 
dure as described in US. Pat. No. 4,536,513. 

Next, the alcohol ester XXV is subjected to a Jones 
oxidation as described hereinbefore with respect to the 
oxidation of alcohol IIIB, to form acid XXVI 

| CODE 
0 

The acid XXVI is then used to prepare compounds of 
the invention of formula I] and IX using the procedures 
set out hereinbefore with respect to conversion of acid 
XIII to ester II-l 

Compounds of the invention wherein Y is a single 
bond or 0 and X is S may be prepared starting with acid 
XIII or XXVI as follows: 
Acid XIII or XXVI is reacted with oxalyl chloride, 

optionally in the presence of catalytic amounts of di 
methylformamide, in methylene chloride, to form the 
corresponding acid chloride which is amidated by re 
acting with ammonia to fonn the amide XXVII 

5 
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(CH2)m 

;| CNH; 
o a 

Alternatively, acid XIII or XXVI is reacted with an 
alkylchloroformate in the presence of an amine such as 
triethylamine to form the mixed anhydride which is 
amidated by reacting with methanol-ammonia solution 
or concentrated aqueous ammonia solution to form 
amide XXVII. 
Amide XXVII is then treated with phosphorus penta 

sul?de (P2S5) or Lawesson's Reagent (2,4-bis(4-methox 
yphenyl)-1,3-dithia-2,4-diphosphetane#2,4-disul?de) to 
form the corresponding thioamide XXVIII 

which is treated with bromopyruvic acid 

in a polar solvent such as dimethylformamide in the 
presence of a weak base such as K2CO3 employing a 
molar ratio of XXVIII: bromopyruvic acid of within 
the range of from about 1:1 to about 121.5 to form thiaz 
oline XXIX 

Y—(CHz)n-CO2 alkylxxlx 
(CH2)!!! 

N on 

' / jcozn 
o s 

Thiazoline XXIX is then dehydrated by treatment 
with a sulfonyl chloride such as methanesulfonyl chlo 
ride in the presence of a base such as triethylamine to 
form thiazole acid XXX 

Y-(CHz)n-C02 m1 Xxx 

(can, 

N % f0, 
0 S 

which is then made to undergo a carbodiimide coupling 
reaction with amine 
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HN-R' E xxxn 
R2 Y-(CH3),|_COOalkyl 

5 (CH2)!!! 
in the presence of DCC or WSC under an inert atmo 
sphere such as argon employing a molar ratio of E:XXX N 
of within the range of from about 1:1 to about 2:1, to | ’ 
form amide IL 0 N 

10 / 
BOC COOPro 

Alternatively, acid XXX can be activated by conver- 2o 
sion to the corresponding acid chloride by treating acid 
XXX with oxalyl chloride in a non-polar solvent such 
as benzene. The acid chloride is then coupled with 
amine E using an amine base such as triethylamine or 
pyridine to form IL. 25 
Compounds of the invention where Y is a single bond 

or O and X is NH are prepared starting with acid XIII 
or XXVI which is made to undergo a coupling reaction 
with amine G 

30 

35 

where BOC is t-butyloxycarbonyl and Pro is a protect 
ing group such as benzyl, in the presence of a coupling 
agent such as 1-(3-dimethylaminopropyl)-3-ethylcar 
bodiimide hydrochloride (W SC) and l-hydroxybenzo 
triazole (HOBT) and methylene chloride employing a 40 
molar ratio of XIII or XXVI:G of within the range of 
from about 1.2:1 to about 1:1, for a period of from about 
12 to about 90 hours. The resulting amide is made to 
undergo a thionation reaction by treating the amide 
with Lawesson’s reagent in the presence of benzene at a 45 
temperature of from about 50° to about 75° C. for a 
period of from about 1 to about 4 hours, to form the 
ester XXXI 

50 
XXX] 

Y-'(CH1),,—COOalkyl 

H 
l 
N 

| c:/ \CH 2 0 u 

The ester XXXI is cyclized by treating a solution of 
XXX] in an inert solvent such as acetonitrile, chloro 
fon'n or tetrahydrofuran with triphenylphosphine (em 
ploying a molar ratio of XXXIztriphenylphosphine of 65 
from about 0.8:1 to about 1:1) and carbon tetrachloride 
in the presence of an amine base such as triethylamine 
or diisopropylethylamine, to form imidazoline XXXII 

55 

1 
5 cu N 

/ \ I 
HNBOC COOPro 60 I l 

a 

o 

Imidazoline XXXII is then deprotected to remove the 
Pro protecting group, using conventional procedures 
for example, by hydrogenation when Pro is benzyl, to 
form the acid XXXIII 

N 
I g l ; 

o N 

BOC/ coon 

Next, the acid XXXIII is made to undergo a coupling 
reaction with amine E in the presence of an amine base 
such as pyridine or triethylamine under an inert atmo 

sphere such as argon in the presence of a coupling agent 
such as WSC and HOBT and chloroform, employing a 
molar ratio of EzXXXIII of within the range of from 
about 0.8:] to about 1.2:] to form amide XXXIV 

Y—(CHz)n-COOa1k XIV 

(CHM. 

N 
/ 

‘ l 
0 N R 

' c N/ Boc " 

ll \ 
R2 

The amine XXXIV in solution in methylene chloride is 
then treated with triiluoroacetic acid to remove the 
BOC group and form amide XXXV 

C-N 

R2 

Amide XXXV is oxidized by treatment with an oxidiz 
ing agent such as manganese dioxide in the presence of 
an inert solvent such as chloroform to form‘ ester IM 
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Compounds of the invention wherein n is O and Y is 
a single bond, that is benzoic acids or derivatives 
thereof of the structure IN 

IN 

may be prepared starting with bromoberizyl alcohol A; 

OH 

CH3 

Br 

which is treated with a protecting compound such as 
t-butylchlorodiphenylsilane, in the presence of 4-dime 
thylaminopyridine and an amine base such as triethyl 

amine and an inert solvent, such as methylene chloride, 
employing conventional procedures, to form the pro 
tected bromobenzyl compound B2 

B2 

CH 3-0pm 

Br 

wherein Pro represents a protecting group. 
Examples of protecting compounds suitable for use 

herein with the exclusion of benzyl bromide are as set 

out hereinbefore in reacting with bromophenalkyl alco 
hol A. 

The protected compound 1?,2 is then transmetallated 
by treatment with t-C4H9Li or n-C4H9Li in the pres 
ence of diethyl ether or tetrahydrofuran at reduced 

temperature of from about —- 100° to about 0° C. (or is 

subjected to a Grignard reaction by treatment with 
magnesium in the presence of an inert organic solvent 
such as tetrahydrofuran (THF) or diethyl ether) and 
then is condensed with (exo)octahydro-5,8-epoxy-1H 
benzopyran-3-ol or (exo)octahydro-4,7-epoxyisoben 
zofuran-l-ol (prepared as described in US. Pat. No. 
4,143,054) of the structure C 
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| CH; 
O 

employing a molar ratio of GB2 of within the range of 
from about 1:2 to about 1:4, in the presence of an inert 
organic solvent such as THF at a reduced temperature 
of from about -—78° to about 25° C., to form the con 
densed 7-oxabicycloheptane compound IIA 

| cnzon 
0 

Compound HA is then protected by treatment with, 
for example, a solution of acetic anhydride and pyridine 
in the presence of 4-dimethylaminopyridine to form 
compound XIA 

ll-l cm-onSGA 
(cl-lzlm- 1-C 

occu, 

I cnzo'clcn; L‘, 
o 

The protected alcohol XIA is then deprotected using 
conventional procedures and the resulting alcohol sub 
jected to a Jones oxidation employing procedures de 
scribed hereinbefore to form crude acid. The crude acid 
is deacetylated by reaction with aqueous hydroxide in 
the presence of inert organic solvent such as THF and 
then esteri?ed, for example, by treatment with diazoals 
kane, such as diazomethane, or acidic alcohol, to form 
the alcohol ester XIIA 

coznkyimA 

on 

| CHZOH 
o 

The alcohol ester is then subjected to hydrogenolysis 
as described above to provide alcohol ester compound 
XIIB 

OOznlkyl 

| cnzon 

XlIB 
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Next, the alcohol ester XIIB is subjected to a Jones 

oxidation to form the acid XIIIA 

COgalkyl xmA 

| com 
o 

In a preferred method, compounds of the invention 

wherein n is 0, m is l and Y is a single bond, and R is in 

the ortho position, that is benzoic acids or derivatives 

thereof of the structure INa 

INa 

(CH2)m 

COOalkyl 

I v o R1 
h ll / 

o / c-rs 

\ 
x R2 

may be prepared starting with oxazoline B3 

53 
N CH3 

/ fCHJ 
0 

(prepared as described by A. I. Meyers et al in J. Org. 

Chem‘ 39, 2787 (1974)) which is metallated by treatment 

with t-C4I-I9Li or n-C4I-I9Li in the presence of diethyl 

ether or tetrahydrofuran at reduced temperature of 

from about —100° C. to about 0° C. and then is con 

densed with (exo)octahydro—4,7-epoxyisobenzofuran-1 

01 (prepared as described in U.S. Pat. No‘ 4,143,054) of 

the structure Ca 

Caz-CH won 

I cur-o 
o 

employing a molar ratio of CazB3 of within the range of 

from about 1:2 to about 1:4, in the presence of an inert 

organic solvent such as THF at a reduced temperature 

of from about —78° to about 0' C., to form the con 

densed 7-oxabicycloheptane compound 11A’ 

10 
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11A’ 

N CH3 

jCI-h / 

| cnzon 
0 

Compound HA’ is then subjected to aqueous acidic 
hydrolysis by treatment with aqueous oxalic acid to 
form compound XIA' 

XIA' 

l CHZOH 
o 

XIA' is then subjected to hydrogenolysis as described 
above and esteri?cation to provide alcohol ester com 
pound XIIB' 

CHZ‘Q % COgalkyl 
O cnzon 

Compound XIIB' may be used in place of XIIB to 
form acid XIIIA' 

CHZQ 
Calkl 

4 i C02“ 02 y 

o 

XIIIA' 

The acid XIIIA or XIIIA’ is then used in place of 
acid XIII to form the corresponding benzoic acids of 
structure IO 

cogllkyl 

(cH2)m 

o R‘ 
| N u / 

/ C-N 

J- \ R2 X 

including 
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C0zalkyl 1P 

(CH2)m 

o R‘ 
I N u / 

/ 0-»: 

o ]— \ 0 R2 

COzalkyl ‘Q 

(cum ’ 

o R1 
II/ 

Compounds of formula I wherein Z is 

“5% 
IR 

H 2 

and Y is —CH=CH— may be prepared starting with 

alcohol Xll wherein n is 2 which is treated with a silanc 

protecting compound as described hereinbefore in the 

presence of an amine base, such as triethylamine and an 

inert solvent such as methylene chloride and N,N-dime 

thylaminopyridine (DMAP) to form the protected alco 
hOl X113. 

(cam-comm?!“ 

| cnzom 
o 

The protected alcohol XIIa is then treated with lithium 

diisopropylamide in the form of a cooled (—78° to 0° 

C.) mixture of diisopropylamine and t-butyllithium or 
n-butyllithium, under argon. The resulting mixture is 
treated with diphenyl diselenide at a temperature of 

within the range of from about —78° to about 25° C., to 

form the corresponding selenide 

26 

I CH2—O—Pro 
0 

Xllb 

Selenide XIIb in an inert organic solvent such as ethyl 

acetate and/or methanol is treated with an oxidizing 

agent such as aqueous hydrogen peroxide to form the 

cinnamate XIlc 

Xllc 

The protecting group is removed from XlIc by treating 
Xllc with acetyl chloride in the presence of an organic 

3Q solvent such as methanol to form the alcohol XIId 

CH=CH xnd 
/ 

| CHZOH 
0 

Alcohol XIId may then be employed to form com 

pounds of formula I wherein Z is 

employing procedures described hereinbefore. 
Compounds of formula I, may be prepared by treat 

ing a compound of formula I wherein X is O, R2 is H, Z 

is 

and R is COZH with at protecting compound such as 

benzyl bromide in the presence of base such as potas 

sium carbonate or sodium hydride and an inert organic 

solvent such as dimethylformamide to form the pro 

tected compound In 
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lxa 

(CH2)!!! (cH2)n_CO1PfO 

RI 
‘ N 

/ c-u 

0 ll \ 
o 0 R1 

causing 1m to undergo an oxidative rearrangement by 
treating I,” with sodium nitrite in the presence of or 
ganic acid such as acetic acid and acetic anhydride, or 
nitrogen tetroxide or nitrosyl chloride, and a solvent 
such as dioxane at temperatures of from about 85° to 
about 105° C., to form the corresponding ester 1,1, 

N 
c-0-RI 
ll 
0 

and removing the protecting group by hydrogenation in 
the presence of a hydrogenation catalysis such as palla 
dium on charcoal to form 1,. 
The starting bromophenylalkyl alcohol A where n is 

2 may be prepared by subjecting aldehyde M 

/ a 
CHO 

Br 

to a Wittig reaction with (C6l-l5)3PCHCO2Cl-l3 to form 
the ester N 

Br 

which is made to undergo a double bond reduction by 
treatment with hydrogen in the presence of rhodium on 
alumina catalyst in the presence of methanol to form 
ester 0 

(cam-c0101; ° 

' Br 

Ester O is then reduced by treatment with 
diisobutylaluminum hydride in the presence of toluene 
solvent to form alcohol A. 
The compounds of formula I of the invention 

wherein Z is —-CH=CH or —(C2)2-— may be prepared 
as follows. 
Compounds of the invention where Z is —CH-_—. 

CH— and preferably in the cis form, and X is O are 
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28 
prepared starting with the hydroxymethyl compound 
AA 

| CHZOH 
0 

(which is prepared as described in US. Pat. No. 
4,143,054) which is subjected to a Jones oxidation 
wherein AA is reacted with Jones‘ Reagent (CrO; dis 
solved or suspended in aqueous sulfuric acid, prepared 
as described in Fieser & Fieser, “Reagents for Organic 
Synthesis”, Vol I, p. 142 (1967)) in the presence of ace 
tone, under an inert atmosphere such as argon at a tem 

perature within the range of from about —- 10° to about 

20° C., to form the corresponding carboxylic acid BB 

I coon 
0 

Acid BB, in an inert organic solvent, such as tetrahy 
drofuran, is then made to undergo a carbodiimide cou 

pling reaction with amide Da 

R1 
ll 

mu-cn-c-w 
CH; R1 

/ 
H0 

in the presence of dicyclohexylcarbodiimide (DCC) or 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro 
chloride (WSC) and l-hydroxybenzotriazole under an 
inert atmosphere such as argon employing a molar ratio 
of DazBB of within the range of from about 1.2:l to 
about 1:1, to form hydroxybisamide Ha 

C-N-CH-i'I-N-Rl 
0 ii it (In-120B ill 

Hydroxybisamide Ila is then subjected to cyclodehy 
dration wherein a solution of Ila in an inert organic 
solvent such as tetrahydrofuran, acetonitrile or chloro 

form, under an inert atmosphere such as argon, is 
treated with triphenylphosphine and carbon tetrachlo 
ride in the presence of an amine base such as triethylam 

ine, to form oxazoline lIIa. 
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llla 
(CH2)m- CH=CH—(CHZ)H- COzalkyl 

Alternatively, hydroxybisamide IIa is treated with a 
sulfonyl chloride, such as methane sulfonyl chloride, 
and an amine base such as triethylamine followed by 
treatment with potassium carbonate in acetone to form 
oxazoline Illa‘ ~ 

Oxazoline Illa is oxidized by treatment with manga 
nese dioxide or nickel peroxide preferably nickel perox 
ide to form the oxazole lDa 

/ 

O O 

N 
I / C-N-R‘ 

II I, 
o o 0 R 

Alternatively, oxazole IDa can be prepared from acid 
BB 

I coon 
o 

by a carbodiimide coupling as described previously 
except substituting CCa for Da to obtain IIb. 

where Pro is a conventional protecting group. Hydrox 
yamide llb is then subjected to a cyclodehydration and 
oxidation as described for Na and Illa to form ID’ 

C15 

N 

l / jCQzPro 
o o 

The protecting group of ID’ can be removed to form 
the corresponding acid ID" which is treated with ex 
cess 
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C15 

N 

i / ]—CO3H 
o o 

oxalyl chloride in the presence of an inert organic sol 
vent such as toluene, methylene chloride, or chloro 
form, and optionally a catalytic amount of dimethyl~ 
formamide, while stirring under an inert atmosphere 
such as argon, to form the crude acid chloride IDa” 

O 

C15 

0 
N ll 

_]—c—c1 
which is treated with amine hydrochloride E’ 

in the presence of an organic base such as triethylamine 
under an inert atmosphere such as argon, employing a 
molar ratio of lDa":E' of within the range of from about 
0.521 to about 2:1 and preferably from about 0.8:] to 
about 1:1, to form lDa . 

Rl 

/ C-N 

' \ 
o 0 R2 

Compounds of formula I wherein Z represents 
—CH=CH— which is the trans double bond isomer 
may be prepared starting with hydroxymethyl com 
pound AA which includes a cis double bond. Com 
pound AA is treated with a protecting compound such 
as t-butyldimethylsilyl chloride or other silyl protecting 
group as described hereinbefore in the presence of irnid 
azole or triethylamine and an inert organic solvent such 
as methylene chloride or tetrahydrofuran, to form the 
protected compound AA’ 

l Cl'lgOPro 
o 

A solution of the protected alcohol in an inert organic 
solvent such as methylene chloride or acetone is treated 
with excess ozone at reduced temperature of from about 
—~78‘’ to about —60° C. followed by treatment with 
dimethyl sul?de (molar ratio of AA':(CH3)2S of within 
the range of from about 0.01:1 to about 0.2:1), to form 
the aldehyde AA2 ' 
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(CHz)m-CHO M3 

| Cl-h-OPro 
o 

Aldehyde AA; is then treated with a mixture of lith 
ium bromide or lithium chloride and trimethylphos 
phonoacetate and triethylamine in an inert organic sol 
vent such as methylene chloride or chloroform to form 
the ester AA3 

trans 

l CH;—OPro 
o 

A solution of ester AA3 in an inert organic solvent 
such as tetrahydrofuran, diethyl ether or dimethyoxye~ 
thane is cooled to a temperature of from about —78° to 
0° C. and reacted with diisobutylaluminum hydride in 
an aromatic solvent such as toluene for a period of from 
about 0.5 to about 4 hours to form alcohol AA4 

trans 

I CH2—OPro 
0 

Alcohol AA4 is treated with bromotriphenylphos 
phonium bromide (formed by adding bromine to tri 
phenylphosphine in toluene or other aromatic solvent 
under an inert atmosphere such as argon, at a reduced 
temperature of from about — 10° to about 10° C.) in the 
presence of pyridine and toluene, at a reduced tempera 
ture of from about — 10° to about 10° C., to form bro 
mide AA5 

trans 

| citz-oPm 
0 

An acetic acid ester such as t-butyl acetate or ethyl 
acetate is treated with a solution of LDA (lithium diiso 
propylamide) in an inert organic solvent such as tetra 
hydrofuran and at a reduced temperature of from about 
—78“ to about —60° C. for a period of from about 0.5 to 
about 2 hours followed by addition of a solution of 
bromide AA5 in an inert solvent such as tetrahydrofu 
ran to form ester AA6 (11 is 2) 

l cal-om 

5 

H O 
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For compounds of the invention where Z:—Cl-l: 

CH- in the trans form and n is l, 3, or 4, aldehyde X1 
is allowed to react with a phosphonium salt of formula 
P 

in the presence of a strong base such as potassium t 
amylate in toluene or NaH/dimethylsulfoxide to give 
XIII’ 

I CH2—0Pro 
0 

which is oxidized and esteri?ed using procedures 
known to those skilled in the art to form ester AA6 

(where n= 1, 3, and 4). 
Ester AA6 is then deprotected by treating AA6 in 

methanol under an inert atmosphere such as argon with 
hydrochloric acid in methanol (prepared by adding 
acetyl chloride to methanol) to form alcohol AA7 

| cal-0H 
0 

AA7 may then be used in place of AA as a starting 
material following the procedure hereinbefore de 
scribed to form acid AA3 

B 
(CH2),,,—CH=CH--(Cl-l2),,—CO2alkyl AA 

(trans) 

| COOH 
o 

and subsequently to form the trans compound of for 
mula IDaa of the invention 

I N 
/ 

0 ll 
0 O 

Compounds of the invention 113 wherein Z is —Cl-l: 
CH— and X is S may be prepared starting with acid BB 
or AA8 as follows: 
Acid BB or is reacted with oxalyl chloride, optionally 

in the presence of catalytic amounts of dimethylform 
amide, in methylene chloride, to form the correspond 
ing acid chloride which is amidated by reacting with 
ammonia to form the amide XXXVI! 
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0 0 

Alternatively, acid BB or AA8 is reacted with an 
alkylchloroformate in the presence of an amine such as 
triethylamine to form the mixed anhydride which is 
amidated by reacting with methanol-ammonia solution 
or concentrated aqueous ammonia‘solution to form 
amide XXXVII. 
Amide XXXVI] is then treated with phosphorus 

pentasul?de (P255) or Lawesson’s Reagent (2,4-bis(4 
methoxyphenyD-l,3~dithia-2,4-diphosphetane-2,4-disul 
?de) to form the corresponding thioamide XXXVIII 

which is treated with bromopyruvic acid 

in a polar solvent such as dimethylformamide in the 
presence of a weak base such as KgCO; employing a 
molar ratio of XXXVIII: bromopyruvic acid of within 
the range of from about 1:1 to about l:l.5 to form thiaz 
oline XXXlX 

Thiazoline XXXIX is then dehydrated by treatment 
with a sulfonyl chloride such as methanesulfonyl chlo 
ride in the presence of a base such as triethylamine to 
form thiazole acid XL 

N 

I / jcozn 
0 s 

which is then made to undergo a carbodiimide coupling 
reaction with amine 

in the presence of DCC or WSC under an inert atmo 
sphere such as argon employing a molar ratio of A"':XL 
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of within the range of from about 1:1 to about 2:1, to 
form amide IFa 

III 
0R2 

Compounds of the invention 1E where X is NH and 
Z1 is —CH:CH— are prepared starting with acid BB 
or AA8 which is made to undergo a coupling reaction 
with amine O 

where Boc is t-butyloxycarbonyl and Pro is a protecting 
group such as preferably —CH1CH2Si(CH3)3, in the 
presence of a coupling agent such as l-(3-dime 
thylaminopropyl)-3-ethylcarbodiimide hydrochloride 
(W SC) and l-hydroxybenzotriazole (HOBT) and meth 
ylene chloride employing a molar ratio of BB or AA3:Q 
of within the range of from about 1.2:] to about 1:1, for 
a period of from about 12 to about 90 hours. The result 
ing amide is made to undergo a thionation reaction by 
treating the amide with Lawesson’s reagent in the pres 
ence of benzene at a temperature of from about 50° to 
about 75° C. for a period of from about 1 to about 4 
hours, to form the ester XLI 

HNBOC COOPro 

The ester XL] is cyclized by treating a solution of XLI 
in an inert solvent such as acetonitrile, chloroform or 
tetrahydrofuran, with triphenylphosphine (employing a 
molar ratio of XLIztriphenylphosphine of from about 
0.8:1 to about 1:1) and carbon tetrachloride in the pres 
ence of an amine base such as triethylamine or diiso 
propylethylamine, to form imidazoline XLII 

0 N 

Bocl COOPro 

Imidazoline XLII is then deprotected to remove the 
Pro protecting group, using conventional procedures, 
for example, by treatment with tri?uoroacetic acid in 
the presence of methylene chloride, to form the acid 
XLIII 
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Next, the acid XLlll is made to undergo a coupling 
reaction with amine A'” in the presence of an amine 
base such as pyridine or triethylamine under an inert 
atmosphere such as argon in the presence of a coupling 
agent such as WSC and HOBT and chloroform, em 
ploying a molar ratio of A"':XLIll of within the range 
of from about 0.8:] to about 12:1 to form amide XLlV 

Amide XLIV is oxidized by treatment with an oxidizing 
agent such as manganese dioxide in the presence of an 
inert solvent such as chloroform to form ester IFb 

N 
C-N-Rl 
II I 
o R2 

The aforementioned esters of the invention may be 
converted to the corresponding acids, that is IS 

/ 

by treating the esters with a base, such as lithium hy 
droxide, sodium hydroxide or potassium hydroxide to 
form the corresponding alkali metal salt, followed by 
neutralization with an acid, such as dilute hydrochloric 
acid or oxalic acid to form the acid compounds of the 
invention. 
Compounds of formula I wherein Z is ---(CH;);— 

may be prepared from acid lGa by subjecting 16a to 
hydrogenation using, for example, a hydrogenation 
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catalyst, such as palladium on carbon, in an inert or 
ganic solvent such as ethyl acetate (EtOAc) or acetic 
acid (AcOl-l) to form acid of the invention IGa’ 

o R‘ 
N ll / 

o x R2 

Compounds of the invention wherein R is CONH 
SO2R3, that is IT 

0 R1 
N ll / 

I / C-N 

]‘ \ o x R2 

are prepared by treating acid IS, lGa or lGa' with a 
sulfonamide of the structure H 

in the presence of a coupling agent such as carbonyl 
diimidazole or WSC in the presence of an amine such as 
dimethylaminopyridine under an inert atmosphere such 
as argon employing a molar ratio of HcIS or 16, or 16a‘ 
of within the range of from about 0.8:1 to about 1.2:1, to 
form sulfonamide IT. 

Acids 18, 16a and 16a’ may be converted to the 
corresponding alkyl esters by treating the acids IS, 16a 
and lGa' with the appropriate alcohol under acid catal 
ysis to form the esters. 
Compounds of the invention wherein R is -CH2-5 

tetrazolyl, Z is 

and Y is a single bond, or Z is —(CH2)2— that is IU 
where Y is a single bond 

where Z’ is 
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or —(CI-l2)3— are prepared by subjecting esters IH, 1], 
IL, IM, 1?, IMa, IQ or IR or the esters of IS, IGa or 
IGa’ where Z is 

or —(CH2)3— to reduction with a hydride reagent such 
as lithium borohydride or sodium borohydride to afford 
alcohol XXXVIIA 

o R1 

I / J-c-u \ o x R2 

which is converted to the bromide on treatment with 
triphenylphosphonium dibromide in an inert solvent 
such as toluene. The bromide is then converted to nitrile 
XXXVIIIA on treatment with an alkali metal cyanide 
in a polar solvent such as methanol/water. 

The nitrile XXXVIIIA is then subjected to a cycload 
dition reaction by treating XXXVIIIA with sodium 
azide in the presence of ammonium chloride, dimethyl 
forrnamide and lithium chloride at a temperature of 
from about 100° C. to about 130° C. to form IU. 
Compounds of the invention wherein R is —CH2—5 

tetrazolyl and Y=O, that is IU where Y is O, are pre 
pared by conversion of alcohol XXIII to ether 
XXXIXA using the procedures set out hereinbefore for 
the conversion of XII to esters IE, IE and II 

04% XXXIXA 

o R1 
| N ll / 

’ C--N 

\ 
R2 

which are converted to the corresponding nitrile by 
deprotection, for example with aqueous HF, followed 
by alkylation with halonitrile J in the 

X 

presence of a base such as sodium hydride or potassium 
carbonate. 
The nitrile is then subjected to a cycloaddition reac 
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tion by treating with sodium azide in the presence of 65 
ammonium chloride, dimethylformamide and lithium 
chloride at temperatures from about 100° C. to about 
130“ C. to form IU. 

38 
Compounds of the invention wherein R is ——CH3—5 

tetrazolyl, that is IJa 

N_N I13 

(CH1-)',-,,CH=CH+CH17;CH3 —< 
R1 N-N 

N / l 
I / C-N H 

II \ 
O X O R2 

are prepared by treating alcohol Ka (prepared as de 
scribed in US. Pat. No. 4,654,356) 

OH Ka 

O 

l 
O 

O 

with a Wittig reagent of the structure La 

N-N 1* 
Bre 

N-N 
l 
H 

in the presence of a base, such as potassium t-butoxide 
or sodium hydride-dimethyl sulfoxide employing a 
molar ratio of KazLa of within the range of from about 
1:1 to about 0.2:1 to form the hydroxymethyl compound 
XIIa 

N-N XIIa 

(CH;-),-,,CH=CH+CH;-),-,cH2-< 
if -—N 

] CHZOH H 
O 

which is treated with protecting compound Ma 

Pro-Halide Ma 

for example, bromomethyl methyl ether to form the 
protected tetrazole XIIIa 

N._N XIIIa 

Iii-N 
| CHZOH P” 
O 

The protected tetrazole Xla may then be used in 
place of hydroxymethyl compound AA to form the 
various compounds of the formula XIVa wherein X is 
O, S or NH ‘ 














































































































































































